Microbiological breakdowin of cellulose materials in soil as influenced by the soil environment is of interest to both agriculture and industry. The need for better understanding of possible effects due to variations in soil used as a component of soil burial beds led to investigations on the cellulolytic activities of diverse mineral soils. An accompanying paper (Schmidt and Ruschmeyer, 1958) reported studies of the physical, chemical, and microbiological properties of 21 soils in relation to cellulolytic activity. It was found that soil reaction and soil nitrogen relationships varied most consistently together with the cellulose decomposing ability of a soil. The present report provides additional evidence for the importance of these environmental factors to the cellulose decomposing microflora as demonstrated by studies in which cellulolytic response to simple soil amendments was measured. EXPERIMENTAL 
MIETHODS
Descriptions of the soils used and of the two methods employed to determine cellulose decomposition are available (Schmidt and Ruschmeyer, 1958) . Untreated cotton duck was used throughout as the cellulose substrate. The reaction of acid soils was raised to the desired values by the addition of calcium carbonate in amounts of 0.5 to 2.0 per cent as indicated by empirical methods. In all such treatments, the soil and calcium carbonate mixtures were allowed to equilibrate in the moist condition in an incubator with occasional stirring for a period of at least 1 week before tests for cellulolytic activity were made on the amended soil. Soils prepared in this manner were found in preliminary tests to evolve no more carbon dioxide in the absence of cellulose substrate than the unaltered soils.
Two soils of normally high pH, by intermittent leaching with 0.05 N HCl. After partial drying, half of each soil was restored to near normal pH values empirically by the addition of CaCO3. Both halves were treated with KNO3 and K2HP04 to provide 100 ppm N and 27 ppm P as assurance of excess maj or nutrients and to replace nutrients possibly lost in leachates. Portions of acidified and acidified plus lime soils were then compared for cellulolytic activity.
A more satisfactory method of lowering the pH values of circum-neutral soils by prolonged incubation (5 months) with 1.0 per cent sulfur was adopted for the Clarion, Fayette, and Kenvon samples. Comparable control samples of each were prepared without the addition of sulfur, and were incubated along with the treated soils.
RESULTS AND DIscUSSION
Infltence of soil reaction. Addition of calcium carbonate and calcium nitrate to six acid soils in accordance with the schedule shown in table 1 resulted in pH changes recorded in the same table. The cellulolytic activities measured by collecting the carbon dioxide evolved during degradation of cotton duck buried in each soil sample are expressed in figure 1. All soils of this group were rated low to moderately high in cellulolytic activity (Schmidt and Ruschmeyer, 1958 Table 3 gives the results of comparisons between control and acidified soils in soil burial tests, and also shows the extent to which cellulolytic activities of the acidified Clarion and Kenyon soils could be restored by pH adjustments with calcium carbonate. The data show that, when each of the circumneutral soils was acidified, a sharp decline in the cellulolytic activity of the acidified portion resulted. IXFull activity of the acidified samples was restored by raising the pH to that of the normal soil with the addition of calcium carbonate.
The importance of soil reaction to the cellulose decomposing microflora of a soil as demonstrated by these data is in good agreement with most investigations of the matter. While Waksman (1932) seemed to favor the opinion of some of the early workers cited by him, that a change in soil pH merely alters the composition of the cellulolytic flora and not its over-all activity, his own investigations do not bear this out. In a number of experiments, Waksman (1938) and Waksman et al. (1928) demonstrated that cellulose decomposition in acid soils was enhanced by the addition of calcium carbonate. White et al. (1949) (or enhanced) as a result of interaction. The cellulolytic microflora are diverse and dynamic and the means are not available to follow the ecological changes in the microflora that are mediated by variations in the soil environment during cellulose breakdown. The same significance observed for pH under the conditions of this study does not necessarily pertain in soil burial bed practice, in which the mineral soil is composted, different standards of cellulolytic performance are used, and degradation of treated rather than untreated strips is of greatest concern. Additional sources of variation, as well, enter into the practical soil burial test (Schmidt and Ruschmeyer, 1958) . Influence of inorganic nitrogen. Nitrogen amendments did not enhance the action of the cellulolytic microflora of soil as consistently as did liming. With the nitrogen additions outlined in table 1, carbon dioxide that evolved from buried squares of cotton duck was measured. The curves of CO2 evolution are given in figure   117 1. In the Cloquet, Rabey, and Skyberg soils, the niitrate was much less effective than lime in increasing carbon dioxide evolution. In the Waukon, Menahga, and Omega soils, there was definite enhancement of CO2 evolution with added nitrate and this was additive to the effect of lime. For all soils except the Skyberg, the nitrogen treatment resulted in some increase in carbon dioxide evolution over that from the soil conitaining only cellulose. It should be mentioned that the Skyberg contained a moderate level of nitrate nitrogen (22 ppm) as compared to the low levels of other soils (0.5 to 3.0 ppm).
Omega and Skyberg soils were used to determine the effect of different nitrogen sources orn CO2 evolved during the degradation of buried fabric. Calcium nitrate and ammonium nitrate at rates of 100 ppm N were added along with enough calcium chloride to the ammonium nitrate amended soils to make all samples comparable in calcium additions. Results of this experiment are shown in figure 3. Little effect from either form of nitrogen was observed with the Skyberg, and the slight increase in CO2 evolution noted in nitrogen amended samples was about the same for both nitrate and ammonium forms. Carbon dioxide evolution in the Omega soil was increased definitely by the These data emphasize that a short supply of available (inorganic) nitrogen in a soil may restrict the activity of the cellulose decomposing microflora. Other investigators (Jensen, 1931; Waksman and Skinner, 1926; and White et al., 1934) have found that treatments with ammonium or nitrate nitrogen effectively increased the rate of cellulose decomposition in soils. The extent to the cellulose decomposers. Soils low in nitrate responded (figures 1, 3, and 4) to applications of inorganic nitrogen despite a total nitrogen content many times that applied; on the other hand, the soils not affected by inorganic nitrogen additions, Skyberg and Barnes, were well supplied with nitrate nitrogen prior to treatment. Additional evidence on this point was presented (Schmidt and Ruschmeyer, 1958) in correlation studies where the nitrifying capacity was used as an over-all expression of the many microbiological transformations of organic soil nitrogen leading ultimately to nitrate nitrogen. Soils of high nitrifying capacities were found consistently to support the most extensive cellulolytic microflora.
Influence of phosphate amendment. Correlation studies 0. R. RUSCHMEYER AND E. L. SCHAMIDT (Schmidt anid Ruschmeyer, 1958) dioxide evolution over that evolved by untreated soil was noted in each instance. When normal and limed portions of five of the same soils were tested in soil burial, increased cellulolytic activity was most evident for the three light textured, poorly buffered, acid forest soils, and least evident for the two heavier, better buffered soils. Acidification of three soils normally around pH 7 by prolonged incubation with sulfur sharply decreased cellulolytic activity in soil burial. Full activity of the acidified samples was regained rapidly by the addition of enough calcium carbonate to restore the normal reactions of the soils. In contrast to the effects of pH changes due to calcium carbonate amendments, the addition of a normal salt of calcium, calcium sulfate, that did not affect the soil pH had no appreciable effect on the cellulolytic activity.
Applications of inorganic nitrogen to soils low in nitrate resulted in increased cellulose decomposition. Ammonium and nitrate nitrogen were about equally effective as nitrogen sources. The microbiological transformations affecting the quantity and rate of inorganic nitrogen formation appeared to be very important to the activity of the cellulolytic microflora of soils.
Addition of inorganic phosphate to two soils low in available phosphorus according to soil test had limited effect on cellulose decomposition, but one of the soils was increased definitely in activity by a combined treatment of nitrogen and phosphorus.
